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Scope of Synthesis Study

• Quantify methane emissions from the U.S. oil 
and gas supply chain

• Integrates several recently published datasets

– Production segment emissions based on site-
level measurements from 6 U.S. basins

– Emissions compared to aircraft-based estimates 
in 9 basins
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Sources of Regional Synthesis Data 
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Emissions Quantified at Different Spatial Scales
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Synthesis Methods
• Multiple, previously published datasets integrated to 

estimate 2015 U.S. O&G CH4 emissions by segment

– Production:  >400 site-level measurements from 6 basins

• Basins:  Barnett, DJ, Fayetteville, Uintah, Upper Green River, Marcellus

• Methods:  Dual tracer, mobile flux plane, inverse Gaussian, OTM 33A 

– Gathering & Processing: Marchese et al 2015

– Transmission & Storage: Zimmerle et al 2015

– Local distribution: Lamb et al 2015

• Basin-level, site-based estimates validated with aerial 
mass balance data from 9 basins

• Basins: Haynesville, Barnett, Marcellus, San Juan, Fayetteville, 

Bakken, Uintah, Weld, West Arkoma

• Synthesis estimate compared to U.S. EPA GHG 
Inventory and custom component-based inventory



Aircraft- and site-based emission 
estimates are statistically similar



U.S. O&G Supply Chain 
2015 Methane Emissions 

Drilling & 

Production 

Gathering & 

Processing 
Transmission 

& Storage

Local 

Distribution

Methane Synthesis 

Alvarez et al 2018
2017 EPA GHG Inventory 

(For year 2015)

7.6 Tg

1.3%

3.5 Tg

0.6%
3.3 Tg

0.6%
2.7 Tg

0.5% 1.8 Tg

0.3%
1.4 Tg

0.2%
0.44 Tg

0.1%
0.44 Tg

0.1%



O&G CH4 emissions 60% higher than EPA GHGI

Synthesis 

13±2 Tg CH4

2.3% Leak Rate
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Summary

• O&G CH4 emissions are higher than estimated by official 
inventories like the EPA GHGI

– Upstream sources responsible for ~80% of total emissions 

– Site-based estimates validated with basin-level data

• Abnormal conditions cause large emissions often 
excluded from traditional inventories

– Avoidable issues such as malfunctions, human error, and poor site 
design can lead to very high emission rates

– Abnormal conditions account for about 50% of production segment 
and 33% of total supply chain emissions

• Regulatory and voluntary actions can reduce emissions

– Effective monitoring to quickly detect high emissions

– Root cause analysis and better site design to minimize the 
recurrence of abnormal conditions

– Improved reporting to more accurately understand emissions



Implications for Four Corners Region

• Synthesis paper estimates national emissions using 
data from 10 basins

– Site-level: No 4C  but includes DJ, Uintah, UGR

– Basin-level: San Juan (Smith et al 2017)

• Assuming loss rate is same as U.S., then NM 2015 
O&G emissions ≈ 570,000 tons CH4

• EDF analysis of GHGRP data adjusted for abnormal 
conditions also estimates 570,000 tons CH4

– https://www.edf.org/sites/default/files/new-mexico-
methane-analysis.pdf

• We currently are refining estimate with new site-level 
measurements data from NM and TX Permian

https://www.edf.org/sites/default/files/new-mexico-methane-analysis.pdf
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Emission estimates agree with 
top-down measurements from 9 basins
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Log likelihood 
function used to 
estimate two-
term power law 
parameters 
describing 
relationship of 
gas production 
and emissions 
by basin.



Non-linear models show relationship 
between site gas production and emissions



Alternative, 
source-based 
estimate is 
substantially 
lower than site-
based estimate. 
This traditional 
approach 
underestimates 
emissions by 
failing to account 
for uncategorized 
abnormal 
emissions. 



Over 30% of emissions are from very 
marginal (<10 Mcf/d) sites responsible 

for <1% of U.S. gas production.


